Introduction
Today, a lot of research around the world aimed at developing technologies in the field of green energy. The gradual exhaustion of mineral resources and environmental pollution makes people pay more attention to renewable energy sources such as solar, wind, water. There are several promising technologies that use the water flowing or its properties and composition, for the energy production. Technical realization of the principles of these technologies is one of the key objectives in the application of green energy.
Ni-Al intermetallic alloy can be an answer according to solution of the material aspect of the objective. It is an electrically conductive material performing high mechanical and chemical properties. Recent studies showed successful implementation of this material for the purposes of green energetics.
M. Vanags et al. used Ni-Al protective coating for steel electrodes in DC electrolysis process for hydrogen production [1] . In a long-term (24 h) process the anode corrodes strongly, losing Cr and Ni ions which are transferred to the electrolyte, while only minor corrosion of the cathode occurs. At the same time, the composition of anode and cathode electrodes protected by Ni-Al coating changes only slightly during a prolonged electrolysis. As the voltammetry and Tafel plots evidence, the Ni-Al coating protects both the anode and cathode from the corrosion and reduces the potential of hydrogen evolution.
The Ni-Al material can also be used in Molten Carbon Fuel Cell (MCFC) [2] . The MCFC are high-temperature fuel cells that operate at temperatures of 600 °C and above. Due to it's the heatresistant properties and conductivity of the Ni-Al material is suitable for use in the MCFC as a metallic current collector incorporated into the anode structure.
Another field of application of this material is water-activated batteries. It is a perspective technology that does not contain an electrolyte and hence produces no voltage until it is soaked in water for several minutes. In this way, the Ni-Al intermetallic alloy is considered to be an important material for green energy development.
Intermetallic coatings and functional graded multilayers on their base can be fabricated by means of different additive approaches: reactive hot compaction of Ni and Al powders [3] , pulse plasma sintering [4] , plasma spray [5] , layerwise selective laser sintering [6, 7] , etc. However, those thermal processes are characterized by high heterogeneity due to incompleteness of a solid state reaction during the intermetallic synthesis of compounds like Al 3 Ni, Al 3 Ni 2 , and AlNi and semimelting of contacting Ni and Al particles on the background of high speed crystallization -all these deteriorate the perspective of their future industrial applications.
Cold gas dynamic spraying (hereinafter -cold spraying (CS)) is an emerging non thermal spray process [8] . Cold gas dynamic spray is an all-solid state, high kinetic energy, coating process that also could be applied for free-form fabrication. In the cold spray process a high pressure compressed gas is used to thrust micron-size solid particles onto a substrate under atmospheric conditions. The most important parameter in cold spray process is particle velocity prior to impact on substrate. If the particles velocity exceeds certain critical value, the energy of particlesubstrate impact leads to intensive plastic deformation of particle and, in some cases, surface of substrate [9, 10] . The value of critical velocity strongly depends on the properties of spraying material. The semi-empirical equation of critical velocity showing its dependence on particle impact temperature and material properties could be found in. The results available in literature show that cold spray could be used to produce thick dense coatings of a wide range of materials, tantalum, copper, aluminum, zinc, nickel etc. [11, 12] . The system of cold gas dynamic spraying allows parallel supply of two and more powder types in order to obtain coatings with different properties. However, relatively low temperatures cause the absence of phase transformations, which leads to impossibility of stable Ni-Al compound formation in the coating. By this reason the laser treatment of CS coatings was applied.
Laser-assisted cold spraying (LaCS) is a new manufacturing process which combines the advantages of supersonic CS and laser post-treatment of fabricated coatings [13] which meets demands of the intermetallic synthesis. Ability to deposit materials with different nature, high build rates and reduced operation cost and more adherent coating are attractive characteristics of this hybrid additive process.
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Experiment
Commercially available pure 99,5% Ni (Ni 56C-NS, Sulzer Metco, USA) with particle size up to 75 m and Al12Si (AMDRY 355, Sulzer Metco, USA) with particle size less than 45 m were used in the present study. Both powders were measured using granulomorphometer OCCHIO 500 nano (OCCHIO, Angleur, Belgium) in order to determine size distribution. The results of measuring are represented in Table 1 . The powders were mixed together in volume ratio 1:1 using tumbler mixer Inversina 2L (Switzerland). The Cold Spray machine is based on the Impact Spray System 5/8 (Haun, Germany). The nozzle was set up on the Kuka KR-30 six-axis robot, which provides constant speed and distance of coating. Nitrogen was used as carrier and propellant gas. The mixture of powders was coated on an aluminum as received substrate. Table 2 represents working parameters of the CS process. Coating distance, mm 60
Gun travel-ling velocity, mm/s 40
Propellant gas Nitrogen
The obtained CS coatings were laser annealed using Ytterbium fiber laser LK-200 (IPG, Russia) with wave length 1070 nm. For the laser beam movement the computer-controlled scanator was used, representing a system of two mutually orthogonal movable deflectors. The optical system allows focusing laser beam with effective diameter up to 100 m. On the stage of laser annealing several 10  10 mm specimens were prepared. Laser power varied from 10 to 100 Watts, scanning speed -from 2 to 50 mm/s.
After the LaCS the specimens were cut, mounted in the cold polymerizing mass (CPM), then specimens were, firstly, grounded with sand paper of different granulations and then were polished with special pastes. Macrostructure was evaluated by optical microscope (Olimpus BX51M, Japan). Morphology of the Ni + Al coatings was characterized with a VEGA 3 LMH (Prague, Czech Republic) scanning electron microscope (SEM) equipped with an energy-dispersive spectrometry (EDS) analyzer (INCA ENERGY GSR P80, Oxford Instruments).
Crystal structures of the coatingswere examined by X-ray diffraction on a DRON-3 M powder diffractometer (Co Kα radiation). Their phase composition was determined using JCPDS PDF data (PCPDFWIN ver. 2.02, release 1999) and the Crystallographica SearchMatch ver. 3.102 program.
Results and discussion
The as-sprayed Al12Si+Ni coating is shown in Fig. 2 . The layered structure of obtained Al and Ni coating after cold spray can be observed. Intensive pore formation is typical for cold spray process due to plastic deformation of particles, so pores can be found in the coating. Fig. 3 shows CS coating after laser post treatment and its element distribution. It can be found that specific heat input is not enough for complete remelting of all materials at working parameters of 40 W and 10 mm/s laser spot travelling velocity. Furthermore, many cracks and pores prevent heat spreading inside the coating that testifies of high thermal stresses at rapid crystallization. However, on the Ni and Al boundary the characteristic dendrite structure of intermetallide eutectic was formed, which is more clearly represented in Fig. 3b . Its element composition according to EDS microanalysis data (see the table under Fig. 3b) indicates Ni 3 Al intermetallide phase fabrication. Qualitative phase analysis after LaCS process is presented in Fig. 4 .The intensive lines of initial Al alloy (Al3.21Si0.47 phase, JCPDS card no. 41-1222) and free Al (JCPDS card no. 01-1180) are observed. Moreover, Al 3 Ni 2 phase was found (JCPDS, card no. 14-0648) which indicates intermetallic synthesis in the Ni-Al system. According to the Ni-Al phase diagram, this phase is metastable and under additional heating it transfers to a more stable AlNi, AlNi 3 intermetallic phases. In our estimations [5] , which confirm the calculations at [18] , synthesis of the AlNi 3 phase is more energetically efficient, and this agrees with EDS analysis data. Meanwhile it is well known that numbers of intensity lines for Al 3 Ni 2 and NiAl phases coincide on XRD patterns, therefore for a single-valued assertion about the presence of these phases thorough quantitative phase analysis is required. 
Conclusions
The conducted work shows that laser annealing after cold spray process intensifies intermetallic phase formation in the Ni-Al system. Microstructure disadvantages such as pores, cracks and inhomogeneity can be significantly reduced using smart laser influence regimes. The described system allows forming coatings on big range of complex-shaped parts, except inner surfaces and deep holes.
